Background: Vitiligo is an autoimmune disorder related to melanocyte loss; however, the exact interplay between antigen-specific autoimmunity and local oxidative stress remains unclear. Recently, the migration ability and number of Foxp3-expressing regulatory T cells (Tregs) in lesional skin was found to be reduced in vitiligo patients. Objectives: We aimed to clarify the T cell anergy status of melanocytes by focusing on the impaired equivalence of peripheral melanocyte-specific cytotoxic T cells and functional Tregs in patients with progressive vitiligo. Materials and methods: Ten progressive vitiligo patients and 10 age-matched healthy individuals were enrolled in this study. We analyzed the number of functional Tregs in progressive vitiligo patients and compared the findings with those of controls. Next, to assess the suppressive activity of Tregs on melanocyte-specific T lymphocytes, we strictly purified the functional Tregs fraction and Melan-A-specific CD8 + T cells and co-cultured these cells with each other. The number of Melan-A-specific CD8 + T cells was then counted by FACS. In addition, the expression of the representative exhaustion markers PD-1 and CTLA-4 on functional Tregs was assessed in vitiligo patients and normal controls. Results: The number of functional Tregs itself was not significantly decreased in the blood of vitiligo patients compared to healthy controls. However, the cytotoxic T cell (CTL) proliferation was significantly decreased after cultivation with Tregs from healthy individuals (p < 0.01), and this decrease in CTLs was less marked after cultivation with Tregs from vitiligo patients. Conclusions: We demonstrated a reduced suppressive function of activated Tregs on Melan-A-specific CTLs in the circulating cells of vitiligo patients compared with healthy controls. This result suggests that T cell anergy with Tregs dysfunction may participate in the immune response to melanocytes in vitiligo patients.
Introduction
Vitiligo is an autoimmune disorder related to melanocyte loss; however, the exact interplay between antigen-specific autoimmunity and local oxidative stress remains unclear [1] . Recently, melanocyte-specific T lymphocytes with naive characteristics were observed in HLA-A2 melanoma patients and healthy donors [1] . In addition, a high frequency of these cells that might influence melanocyte disappearance was also detected in cases of progressive vitiligo. Foxp3-expressing regulatory T cells (Tregs) are the main player involved in the suppression of the aberrant immune response against self-antigens. Recently, the migration ability and number of Tregs in lesional skin were found to be reduced in vitiligo patients [2] [3] . We previously detected and described self-reactive T cells with an anergic phenotype, which is immunologically tolerant, in Tregs [4] . In this study, we aimed to clarify the T cell anergy status regarding melanocyte-specific antigen by focusing on the impaired equivalence of peripheral melanocyte-specific cytotoxic T cells and functional Tregs in patients with progressive vitiligo.
Materials and Methods
Ten progressive vitiligo patients and 10 age-matched healthy individuals who gave their written informed consent were enrolled in this study, and the details of the patients' demographic findings are shown in Table 1 . We enrolled progressive vitiligo patients who visited our department from 2015 to 2017 and showed no physical problems based on the findings of blood tests. Ten healthy individuals without any remarkable history or medication participated in this study as healthy controls. This study was approved by the ethics committee of our university. Blood collection was performed before steroid half pulse therapy in cases #3 and 10 in order to eliminate the suppressive effect of systemic steroid on immunity. We properly isolated a functional subset of human Tregs that maintained their suppressive activity according to a previous publication [5] and purified CD8 + T cells and antigen-presenting cells (APC) simultaneously from the peripheral blood mononuclear cells (PBMCs) of vitiligo patients (n = 10) and healthy controls (n = 3). CD8 + T cells were co-cultured with APCs stimulated with HLA-A0201-restricted Melan-A peptides and with or without Tregs for 10 days.
Results
1) The number of Melan-A-specific cytotoxic T lymphocytes (CTLs) was significantly increased in the blood of vitiligo patients compared to that of healthy controls (Figure 1 2) Next, to explore whether or not the suppressive function of Tregs was disturbed in the PBMCs of vitiligo patients, we co-cultured Melan-A-specific CTLs with or without CD4 + CD25 + T cells and compared the cell number and proliferation between the two conditions ( Figure 1(c) ). While CTL proliferation was significantly decreased after cultivation with Tregs from healthy individuals ( Figure 1(c 3) The proportion of PD-1 has been reported to be decreased in Tregs of active vitiligo patients, suggesting its role in Treg exhaustion. We examined the expression if CTLA-4 and PD-1 in CTLs, and not Tregs, in order to analyze the exhaustion status in the direct T cell response to melanocytes in vitro. We found a weakened increase in the CTLA-4 expression of CTLs after cultivation in vitiligo patients compared to healthy controls (Figure 1(d) ). The
CTLA-4 expression may be less influenced by Tregs in patients with vitiligo
than in healthy controls. present study, we investigated whether or not functional Tregs extracted from vitiligo patients truly had a degraded function of melanocyte-specific T cells. We were able to prove the disturbance of the suppression function by analyses of peripheral blood and proposed a mechanism underlying the autoimmunity to melanocytes in vitiligo. Thus far, it has not been proven that Tregs infiltrating the vitiligo skin truly exert a suppressive function to melanocyte-specific CTLs. We showed that the Treg activity was insufficient to suppress antigen-specific T cells in a small number of vitiligo patients, suggesting that a larger sample size is needed for future investigations. The suppressive function of Tregs is partly mediated through the programmed death-1 (PD-1)/PD-L1 pathway. Although the PD-1 expression on the surface of Tregs has been reported to be increased [9] , we observed no marked changes in the PD-1 expression. The CTLA-4 expression but not the PD-1 expression was decreased after co-cultivation with functional Tregs in representative patients (Figure 1(d) ). This may have caused the difference of the Tregs' status and analyzed vitiligo population between the present study and previous report. Although the functional impairment in Tregs was found to be correlated with disease progression [10] [11] , this is the first report to directly demonstrate that the suppressive function of activated Tregs on Melan-A-specific CTLs was significantly higher in vitiligo patients than in healthy controls. Our findings also suggest the functional attenuation of Tregs based on an examination of precisely isolated cell culture and the expression of exhaustion markers. To confirm our results, further investigations of the exhaustion marker expression and the mutual interplay of these markers in Tregs will be required in order to evaluate T cell anergy in vitiligo patients.
Discussion
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